Introduction
Phosphatidylinositol (Pl) 3-kinase plays a central role for transmission of initial insulin signalling to the downstream effector systems including the glucose transporter GLUT4. 1 The common mechanism of Pl 3-kinase action is at present unclear, but observations that PDGF and YMXM peptides stimulate the total cellular Pl 3-kinase but not the glucose transport activities in 3T3-L1 cells are best explained by a speci®c insulin-dependent targeting of Pl 3-kinase to an intracellular site which is associated with the lowdensity microsomal fraction of cells. This hypothesis is supported by the work of Heller-Harrison et al, 2 who reported that GLUT4 vesicles isolated from 3T3-L1 cells contain Pl 3-kinase that is precipitable by an IRS-1 antibody. The purpose of the present investigation was to correlate the impaired insulin action in obesity to the translocation of cardiac GLUT4 with special attention to the Pl 3-kinase. We have approached this problem by measuring tyrosine phosphorylation of IRS-1 and the association of the regulatory subunit of Pl 3-kinase (p85) to IRS-1 after in vivo insulin stimulation. Furthermore we took advantage of our GLUT4 vesicle preparation to investigate a co-localization of Pl 3-kinase and GLUT4 and look for possible alterations or abnormalities in the insulin resistant state.
Methods
Genetically obese ( faafa) or control lean Zucker rats were stimulated with insulin in vivo for 20 min, hearts were removed and subsequently processed. GLUT4-enriched membrane vesicles were prepared essentially as previously described using microsomal membranes as starting material. 3 Immunoprecipitation was performed using preadsorbed IRS-1 antiserum, as outlined earlier. 3 The assay of Pl 3-kinase activity has been detailed previously. 4 Phosphoinositides were separated by thin layer chromatography and analyzed on a Phosphoimager.
Results
Insulin-dependent tyrosine phosphorylation of IRS-1 was determined in IRS-1 immunoprecipitates from cardiac muscle lysates of lean and obese rats by immunodetection of phosphotyrosine proteins. Quanti®cation of autoradiograms indicated an unaltered response in both groups with an increased tyrosine phosphorylation of IRS-1 by about 50 ± 90%. We then investigated the in vivo insulin stimulation of the association of the p85 regulatory subunit of Pl 3-kinase to IRS-1. In lean animals insulin produced a 4-fold increase in p85 association to IRS-1, whereas in obese animals this effect of the hormone was completely blunted.
In order to examine the co-localization of Pl 3-kinase with GLUT4 and to evaluate possible alterations at this level of insulin signalling in the insulin-resistant state, lean and obese Zucker rats were treated with insulin and GLUT4-containing vesicles from cardiac tissue were prepared. Western-blotting analysis of GLUT4-containing vesicles using a monoclonal anti-p85a antibody (Figure 1 demonstrated only marginal differences between non-speci®c control precipitates (Pre) and GLUT4-containing vesicles in the basal state of both lean and obese Zucker rats, respectively. However, in vivo insulin stimulation clearly increased the abundance of the a-isoform of the regulatory subunit of Pl 3-kinase in GLUT4-containing vesicles of lean control rats (Figure 1 . This effect was completely blunted in GLUT4-containing vesicles prepared from cardiac tissue of obese animals. Additional experiments showed that the p85beta isoforms was not shifted to the GLUT4 vesicles.
Insulin treatment of lean Zucker rats resulted in an increased abundance of the catalytic subunit p110a of Pl 3-kinase together with its regulatory subunit. In order to determine whether GLUT4-associated Pl 3-kinase is activated, anti-GLUT4 immunoadsorbed vesicles were solubilized in detergent-containing buffer, immunoprecipitated with anti-p85 IgG, preadsorbed to a mixture of Protein AaG-agarose, and the p85 immunoprecipitates were subjected to a Pl 3-kinase assay, as outlined in the Methods section. In vivo insulin stimulation increased enzyme activity by about 2-fold in the lean group, whereas the hormone was unable to produce a signi®cant stimulation of Pl 3-kinase activity in obese rats.
Discussion
A major ®nding of the present study consists in the observation of a failure in insulin-induced association of the regulatory p85 subunit of Pl 3-kinase to IRS-1 in obese rats. It may be related to the marked increase in SeraThr phosphorylation of IRS-1 in cardiac tissue of these animals. 4 A critical aspect of Pl 3-kinase function on GLUT4 translocation may be its directed localization to the specialized intracellular membranes that sequester GLUT4. We show here the co-localization of insulin-activated Pl 3-kinase with GLUT4 in cardiac tissue, con®rming the results of Heller-Harrison et al 2 obtained in 3T3-L1 adipocytes. Recent evidence has suggested that the reaction products of Pl 3-kinase are necessary but not suf®cient to activate PKB, which has also been implicated in regulating glucose transport and was also found to co-localize to GLUT4 in response to insulin. 5 It may be speculated that the lack of Pl 3-kinase activity in GLUT4 vesicles from obese rats is a major determinant of the observed failure of cardiac GLUT4 translocation in this animal model. Figure 1 Co-localization of p85 and GLUT4 in cardiac tissue of lean and obese Zucker rats. Microsomal membranes were incubated with a speci®c GLUT4 antiserum or with a non-speci®c preimmune serum (Pre) of the same rabbit. Immunoprecipitation was then performed by addition of Protein G agarose as described in the Methods section. The immunopellet was separated by SDS-PAGE and immunoblotted with a monoclonal antip85a antibody. The PVDF sheets were incubated with 125 I-Protein A and submitted to autoradiography.
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